ABSTRACT. To understand the genetic variability of the tetraploid fern Ceratopteris thalictroides (Parkeriaceae), we described 30 polymorphic microsatellite markers obtained using the restriction site-associated DNA (RAD) tag sequencing technique. A total of 26 individuals were genotyped for each marker. The number of alleles per locus ranged from 4 to 10, and the expected heterozygosity and the Shannon-Wiener index ranged from 0.264 to 0.852 and 0.676 to 2.032, respectively. Because these 30 microsatellite markers exhibit high degrees of genetic variation, they will be useful tools for studying the adaptive genetic variation and sustainable conservation of C. thalictroides.
INTRODUCTION
Ceratopteris thalictroides (L.) Brongn. (Parkeriaceae) is a semi-aquatic homosporous tetraploid fern. In China, the number of populations of C. thalictroides has declined rapidly due to the deterioration of primary habitats. As a consequence, the species is now considered to be endangered in China and is listed in the second category of key protected wild plants (Yu, 1999) . In several other countries, including neighboring Vietnam and India, the species is also listed as endangered.
For conservation purposes, in recent years, genetic variation among Chinese C. thalictroides populations has been investigated using a variety of dominant genetic markers, e.g., random amplified polymorphic DNA, inter simple sequence repeats (Dong et al., 2008) , and chloroplast DNA non-coding regions (Liao et al., 2011) . However, these studies are still insufficient to define the adaptive population differentiation. Here, we report the development of polymorphic microsatellite markers from C. thalictroides using restriction site-associated DNA (RAD) tag sequencing, which will facilitate the ongoing studies of adaptive genetic variation and sustainable conservation for this endangered species.
MATERIAL AND METHODS
A C. thalictroides individual from the Wuhan Botanical Garden was used as the source of DNA for this study. DNA was extracted from its fresh leaves using a Plant Genomic DNA Isolation kit (Tiangen, Beijing, China), following the manufacturer protocol. The RAD library was constructed according to the protocol described by Baird et al. (2008) . This library was sequenced on an Illumina HiSeq 2000 Platform at Huazhong Agricultural University, generating 4.5 million DNA reads, with an average read length of 353 bp. A total of 650 microsatellite loci were identified from the resources using the MIcroSAtellite identification tool (Thiel et al., 2003) and 285 primers were successfully designed using Primer3 (http://biotools.umassmed.edu/bioapps/primer3_www.cgi).
A random selection of 115 of the designed primers were initially screened using total DNA isolated from the dried leaves of six C. thalictroides individuals. All forward primers were fluorescently labeled with FAM on the 5ʹ-end. Polymerase chain reaction (PCR) amplifications were carried out in a volume of 20 µL containing 0.25 mM each dNTP, 2 µL 10X Taq buffer (10 mM Tris-HCl, pH 8.3, 1.5 mM MgCl 2 , and 50 mM KCl), 1 mM each primer, 0.2 U Taq polymerase (TransGen Biotech Co., Beijing, China), and 25 ng DNA template. Amplification of genomic DNA was carried out using an ABI 2720 Thermal Cycler (Applied Biosystems, Foster City, CA, USA). The PCR profile was programmed with an initial denaturation of 5 min at 94°C, followed by 35 cycles of 30 s at 94°C, 30 s annealing at 53-55°C (depending on the type of primers), and 30 s extension at 72°C, with a final extension step of 10 min at 72°C. PCR products were separated using an ABI 3730 automated sequencer (Sangon Biotech, Shanghai, China) and visualized using the GeneScan system (Applied Biosystems).
Based on the initial screening results, 45 primer pairs were selected and used to genotype 26 individuals from two populations located in Baise, Guangxi Province (106°43ʹE, 23°33ʹN) and Yingde, Guangdong Province (113°37ʹE, 24°29ʹN). The number of alleles (N A ), expected (H E ) heterozygosity, and Shannon-Wiener index (H') were calculated for each locus using ATETRA v.1.0 (Van Puyvelde et al., 2010) .
RESULTS AND DISCUSSION
We successfully amplified 30 polymorphic loci as shown in Table 1 . N A ranged from 4 to 10, and H E and H' ranged from 0.264 to 0.852 and 0.676 to 2.032, respectively (Table 1) . Because of the tetraploid nature of C. thalictroides, exact allele frequencies could not be determined. The test for linkage disequilibrium was not conducted in this study, due to the unknown allele dosage of partial heterozygotes. These 30 tested microsatellite markers exhibit high degrees of genetic variation, which will facilitate further investigation of adaptive genetic variation and conservation for C. thalictroides in China and adjacent countries. Ta = annealing temperature; N A = number of alleles observed; H E = expected heterozygosity; Hʹ = Shannon-Wiener index. 
